Background: Previous studies have reported an increase in the mercury release from dental amalgam restorations, following exposure to electromagnetic fields generated by sources such as mobile phones and magnetic resonance imaging (MRI). It has also been shown that MRI increases microleakage of amalgam restorations. In this study, Helmholtz coils are used for generating pulsed electromagnetic fields (PEMF). Objectives: The purpose of this study was to evaluate the effect of PEMFs on microleakage of amalgam restorations, using a pair of Helmholtz coils. Patients and Methods: Standardized class V cavities were prepared on the facial surfaces of 46 non-carious extracted human premolars. Then, the samples were randomly divided into experimental and control groups, each containing 23 teeth. The experimental group was exposed to the uniform magnetic fields generated by a pair helmholtz coils. The magnetic field strength at the central point of the two coils was 0.1 mT. All specimens were placed in 2% basic fuchsin solution. Then the teeth were sectioned, examined under a stereomicroscope, and scored for microleakage according to the degree of dye penetration. Results: There was no significant difference between the two groups regarding the microleakage score.
Background
Magnetic fields can be demonstrated by lines of force and these fields are produced by electric current flow. Electromagnetic fields can be either pulsed or static. Static magnetic fields (SMF) are formed around a permanent magnet or by direct current (DC) flow, while time-varying magnetic fields are produced by alternating currents (AC) with a frequency above zero (1, 2) . Human beings are daily exposed to natural and artificial electromagnetic fields (EMF) originating from various sources (3) . According to the world health organization (WHO), factors such as growing electricity demands, ever-advancing technologies and changes in social behavior result in increasing exposure to man-made EMFs (4) . The rapidly increasing growth of the human exposure to EMFs has led to growing concern about its possible adverse health effects. EMFs can be produced by all electrical or electronic devices, such as wireless technologies (e.g. Wi-Fi, mobile phones and cordless phones), laptop computers, microwave ovens and power lines (5) . Helmholtz coils are devices that generate pulsed electromagnetic fields (PEMF).
Helmholtz coils are named in honor of Hermann von Helmholtz, the German physicist (6) . This device consists of two circular coils of wire with identical electrical currents which flow in the same direction. In a pair of Helmholtz coils, with their two current loops, each with N turns and radius R, which are separated by a distance R, the magnetic field at any point along the axis of the coils (z) can be calculated by summing the individual magnetic fields of the coils using the superposition principle. In this configuration, Biot-Savart law is used to measure the magnetic field at the center of this system when z = 0 as follows: Where: B is the magnitude of the magnetic field, R is the radius of the loop, N is the number of turns in the current loop., µ 0 is the permeability of free space, I is current.
Over the past years, our team has investigated the effects of exposure to different common and or occupational sources of EMFs, such as cellular phones (7) (8) (9) (10) (11) (12) (13) (14) , mobile base stations (15) , mobile phone jammers (16) , laptop computers (17) , radars (8) , dentistry cavitrons (18) and MRI (13, 19) . The findings of our studies have clearly shown that exposure to magnetic fields in MRI or microwave radiation, emitted from mobile phones, significantly increases the mercury release from dental amalgam restorations (13, 19) . Furthermore, new studies have shown that X-ray, as a part of the electromagnetic spectrum, can increase the mercury release from amalgam fillings (20) . Microleakage has been suggested to be a significant problem leading to pulp pathology, post-operative pain, tooth discoloration, recurrent caries and accelerated deterioration of the fillings (21, 22) . Previous studies have shown that EMFs emitted in MRI increase the microleakage of amalgam restorations (23, 24) . Shahidi et al. suggested that the main effect of the strong magnetic fields was development of thermoelectromagnetic convection, which is responsible for increased diffusion, grain boundary migration, and vacancy formation, resulting in microleakage (23) . However, the magnitude of temperature increase in MRI is not high enough to justify this theory. The accelerated corrosion due to galvanic effect may explain the increased microleakage of amalgam following EMFs exposure. To the best of our knowledge, this is the first study performed on the effect of PEMFs on amalgam microleakage.
Objectives
Therefore, the null hypothesis of this study is if exposure to PEMFs generated by a designed Helmholtz Coil increases the microleakage of amalgam.
Patients and Methods

Teeth Samples
The present study was approved by the ethics committee of Shiraz University of Medical Sciences. Forty six noncarious, recently extracted premolar and molar teeth, were selected for this study. The teeth were stored in saline solution for up to 2 months after cleaning and surface debridement. The teeth with fractures or structural defects were excluded. Standardized class V cavities (3 mm length, 5 mm wide, 2 mm deep) were prepared on the buccal surface at the cementoenamel junction using carbide burs (SS White Burs, Lakewood, NJ) and in a high speed turbine with airwater spray using a template. A separate bur was used after every 6 cavity preparations to ensure cutting efficiency. The cavities were restored with Cinalux amalgam (nongama-2, spherical amalgam, Faghihi Dental, Tehran, Iran). The amalgams were triturated according to manufacturers' directions, and then they were condensed incrementally towards the cavity walls using small condensers. All the procedures for restoration of the cavities including cavity preparation, burnishing and polishing were performed by the same clinician. The restored teeth were placed in saline solution at 37°C for seven days. The teeth were randomly divided into two groups each containing 23 teeth.
Exposure of the Samples
Two pairs of identical Helmholtz coils were designed and manufactured in the ionizing and non-ionizing radiation protection research center (INIRPRC) at Shiraz University of Medical Sciences, Shiraz, Iran. The device was designed in our previous study (1) . The basic characteristics of the coils used in this study have been explained in another paper (1, 5) . These coils with 100 turns in each loop were framed on Teflon. The coils were spaced apart at a distance equal to their radii and the distance between the coils was 12.5 cm. The outer diameter of the coils was 13.5 cm. The coils were driven by a sinusoidal signal from a function generator (GFG-8020H, GW Instrument Co., Ltd). A recently calibrated Gauss meter (Lutron 828, Taiwan) was used for measuring the magnetic field (B) at the central point between the coils. In the central area of the coils, the magnetic field was relatively uniform (with alterations less than 5%). In this study, the earth magnetic field was not shielded.
Microleakage Evaluation
Two layers of nail varnish were applied on the entire teeth surfaces except for the restorations and 1 mm around them. The specimens were immersed in 2% basic fuchsin dye solution (merck, Germany) at the room temperature for 24 hours and then they were rinsed in tap water and dried. A slow speed water-cooled saw was used to section each tooth buccolingually. The section corresponding to the central portion of the tooth restoration was examined at the gingival, axial and occlusal margins under a stereomicroscope (Olympus. Tokyo, Japan) at 80× magnification by the examiner who was blinded to the groups. The degree of microleakage was evaluated according to a standard ranking in which 0 = No dye penetration; 1 = Dye penetration along the enamel; 2 = Dye penetration along the dentine-enamel junction (DEJ) but not including the axial wall and 3 = Dye penetration along the axial wall (6) .
The data were analyzed using the Mann-Whitney U-test to compare microleakage in the case and control groups to identify any statistically significant differences at the significance level of 0.95 (P < 0.05).
Results
The distribution of the scores of microleakage in each group is presented in Table 1 . The scores of microleakage showed no significant difference between the exposure and control groups (P = 0.345). The percentage of the teeth with grade 3 in the exposed group was 8.6%, while in the control group it was zero. The percentage of the teeth with no dye penetration (grade 1) in the exposed group and in the control group was approximately the same.
Discussion
Increase in the microleakage of dental amalgam restorations following exposure to electromagnetic fields of MRI has been reported in previous studies (23, 24) . Electromagnetic fields can be either pulsed or static. In the present study, we found that PEMF exposure generated by Helmholtz coil does not have adverse effects on microleakage of amalgam restorations.
Dental amalgam has been one of the oldest filling materials in posterior teeth restorations because of its several advantages, such as easy manipulation, low technique sensitivity, high wear resistance, low cost, durability and insolubility in oral fluids (21, 25, 26) . However, one of the disadvantages of dental amalgam is the lack of chemical adhesion to the tooth structure which can result in amalgam microleakage. Microleakage is defined as the clinically undetectable penetration of fluids, ions or molecules from the oral cavity through the gaps between the cavity walls and the restoration material. Microleakage prevention is crucial for longevity of restorations since the passage of bacteria can lead to recurrent carries and pulpal inflammation which may cause reversible pulpitis or tooth necrosis. The tooth at last may need a replacement restoration, endodontic or even extraction (21) . Different methods have been used for the evaluation of dental amalgam restorations microleakage. Among them, dye penetration test is a simple, inexpensive and qualitative method (21) . Therefore, we used this technique for the assessment of microleakage.
In the present study, two layers of varnish coating were applied around restoration margins and the pulpal surfaces as a barrier to decrease microleakage around amalgam restoration and prevent undesirable dye penetration. Varnish, acting as a mechanical barrier, did not bond to the tooth structure or amalgam restoration. However, other adhesive liners, such as resin based liners, can decrease the microleakage of amalgam restorations and affect the results of the study (21, 27) .
In the present study, it was revealed that amalgam microleakage was not significantly different in the PEMF exposed group compared to the control group. This finding was in contrast with the results obtained in our previous studies carried out on the increased release of mercury from amalgam restorations after being exposed to different sources of EMFs, such as MRI or radiations emitted by mobile phones (13) . There are few studies which have evaluated the effects of magnetic fields in MRI on microleakage of amalgam restorations (23, 24, 28) . Some studies have suggested that the magnetic field of MRI increase microleakage of amalgam restorations (23, 24) . Shahidi et al. have suggested that the increase in microleakage following MRI might be attributed to the thermoelectromagnetic convection induced by exposure to EMFs that was supposed to be responsible for the enhancement of the diffusion process, grain boundary migration and vacancy formation resulting in microleakage (23) . However, Mortazavi and Paknahad believed that the magnitude of temperature increase is not high enough to justify this theory (29) . On the other hand, Akgun et al. did not indicate any statistically significant differences in the extent of microleakage in groups with or without MRI exposure (28) .
The present study was an in vitro test. One of the limitations of in vitro tests is that they do not simulate clinical conditions precisely. Therefore, the results of these tests should be applied to the clinical situation only after being substantiated by in vivo evidence requiring long-term clinical studies. Thus, further investigations are highly recommended.
Conclusion
In conclusion, owing to the controversy existing over the potential adverse effects of dental amalgams, the replacement of amalgam with other restorative materials does not seem well-grounded. Therefore, considering the significance of this challenging issue, further research is necessary to verify the effects of different sources of EMFs on amalgam restorations. 
